A provenance test of 49 seed sources of Scots pine (Pinus syIvestris L.) from eastern Europe, Russia, and Siberia was established in two plantations in north-central North Dakota. After 22 years, trees from seed sources within the region bounded by 20 0 to 57 0 east longitude and 50 0 to 58 0 north latitude were taller, and larger in diameter, and had denser crowns and greener winter foliage. Total height at age 5 and age 10 was highly correlated with total height at age 22, indicating that selection at an early age (5-10 years) may be possible in Scots pine breeding programs.
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Introduction
The choice of pine species suitable for farmstead, field windbreak, or wildlife habitat plantings and adapted to the northern Great Plains, has generally been limited to ponderosa pine (Pinus ponderosa Dougl. ex Laws), and Scots pine (P. sylvestris 1.). Jack pine (P. banksiana Lamb.) and red pine (P. resinosa AiL) have been planted in limited numbers. Poor survival and slow growth are common complaints concerning the use of pine in the northern Great Plains. Genetic variation within most pine species offers the potential for countering these problems because fast growing, well-adapted provenances have been identified for a range of planting sites in the Great Plains (Read 1983; Van Haverbeke 1986a , 1986b .
Studies on the performance of Scots pine in the Great Plains region of North America have reported Significant variation among provenances in survival, growth rate, crown density, winter foliage color, winter injury, stem crook, and cone production (Stoeckeler and Rudolf 1949; Cram and Brack 1953; Read 1971; Cunningham 1973; Van Haverbeke 1975 , 1986b .
The performance of Scots pine in north-central North Dakota was first reported by Stoeckeler and Rudolf (1949) . Following unusual weather conditions in North Dakota in 1946 through 1948, Scots pine from Finnish seed sources showed no browning of foliage, while trees from other seed sources suffered varying degrees of needle discoloration. Generally trees from more northerly sources had less damage than those from southerly seed sources. Cunningham (1973) reported on the first extensive provenance test of Scots pine in North Dakota. A provenance test of 49 seed sources from eastern Europe, Russia, and Siberia was established at three locations in North Dakota and one in Nebraska. After 10 years (7 in Nebraska), trees from 50 0 to 55 0 latitude and 20 0 to 40 0 longitude survived best, were taller, and had greener winter foliage. Several provenances appeared to be suitable for planting in shelterbelts and for Christmas trees. This paper reports the 22-year (33 seed sources) and 20-year (16 seed sources) performance of these same 49 seed sources in two plantations in north-central North Dakota.
1
Materials and Methods
Test Plantation Establishment
Seed collection, planting stock production and plantation establishment were previously documented (Cunningham 1973 Single-tree plots were planted in 24 replications of a randomized, complete block design. Each test tree was separated by filler trees of ponderosa pine from a Black Hills, South Dakota seed source. Spacing was 2.1 m by 2.1 m.
The original study was extended in 1963 by the acquisition of 16 additional seed sources from western Europe and eastern Asia. In 1961, Jonathan Wright, Michigan State University, sent 2-0 seedlings of these 16 seed sources to the Institute of Forest Genetics at Rhinelander, Wisconsin. The seedlings were lined out in transplant beds until April 1963, when they were lifted and sent to the USDA Forest Service Shelterbelt Laboratory, Bottineau, North Dakota. These additional seed sources were planted in the spring of 1963 at the Denbigh Experimental Forest (trial 2). Ten replications of square, 4-tree plots were planted at a spacing of 2.1 m x 2.1 m. Plantation failures were replanted with extra line-out stock in the spring of 1964. The geographic location of the 49 seed sources tested in trials 1 and 2 are shown in figure 1.
Trials 1 and 2 were separated by no more than 50 m. The soil at both trials is primarily an Aylmer-Bantry fine sand and is classified by the USDA, SCS as windbreak suitability class 10 because of its droughtiness and severe soil-blowing hazard. Site preparation consisted of plowing and disking a year prior to, and immediately before, planting.
Cultural Treatments
The ponderosa pine filler trees were removed from triall in 1973, and the study trees were pruned to a height of 1.8 m in 1975. Trial 2 plots were thinned to two-tree plots in 1973 and to one-tree plots in 1979. Trees retained were pruned to a height of 1.8 m in 1979. Map 32, Critchfield and Little, 1966 (1969) .
Assessment
Survival (SURV), and total height (HT) were measured at the end of years 1, 2, 5, 10, 20 (trial 2), and 22 (trial 1). Periodic annual height increment (PAl) was calculated as the average annual height increment over the life of the plantation. Because of the thinnings in 1973 and 1979, survival after the 10th growing season was used as the best estimate of survival for seed sources in trial 2. Winter foliage color (COLOR) was scored on a scale of 1.0 = yellow to 5.0 = blue-green. Crown density (CD) was scored on a scale of 1.0 = sparse to 3.0 = dense. Both COLOR and CD were scored after the end of the 10th growing season. Diameter at breast height (DBH) was measured after the 20th (trial 2) or 22nd (trial 1) growing season.
Analysis of Data
Differences in survival percentages among seed sources were analyzed by a chi-square test. Seed source differences in HT, DBH, and PAl were analyzed with SAS's General Linear Models (GLM) procedure (Statistical Analysis System, SAS Institute Inc., Cary, NC). All means were compared using Tukey's w-procedure. Simple Pearson correlations among variables were calculated using SAS's CORR procedure. Winter foliage color and crown density were analyzed with SAS's categorical modeling procedure (CATMOD).
The influence of each seed source's latitude (LAT) and longitude (LONG) on SURV, HT, PAl, CD, and COLOR was examined with multiple regression analyses using SAS's REG procedure. Ruby and Wright (1976) except jacutensis, balcanica, and lapponicaorientalis, which were described by Pravdin (1969 As a means of comparing the overall performance of the seed sources, and the varieties they represented, the relative performance of each seed source was computed by expressing the mean for each seed source as a percentage of the plantation mean (PC PM) for SURV, PAl, CD, and COLOR. A measure of a seed source's value as a component of a windbreak was defined as the sum of the PCPM's for SURV, PAl, CD, and one-half the PCPM for COLOR. Because winter foliage color is not critical to a tree's function in a windbreak and is more of an aesthetic value, its score was reduced in importance.
Results
Each of the 49 seed sources was classified into one of 11 geographic varieties as described by Pravdin (1969) or Ruby and Wright (1976) . Performance of the 49 seed sources is shown in tables 1 and 2.
Survival
Survival at both trials was excellent, averaging over 92 %. Only two seed sources at each trial had survival rates less than 80%. In trial 1, those seed sources were 624 and 626 from 60° north latitude, the most northern of any seed sources in either trial. In trial 2, two seed sources surviving poorly were 1924 and 1934, with 1934 the most westerly seed source and 1924 the most easterly seed source in either trial.
Significant correlations of latitude and longitude with SURV, HT, DBH, CD, or COLOR were primarily the result of these 4 seed sources performing much differently from the other 45 seed sources.
Height
Differences in height growth among the origins were highly significant. At trial 1, the tallest seed source, 1939, averaged over 56 cm of PAl (table 1) . Seed source 646, while not the tallest, had the greatest PAl (60.3 cm). There were few significant differences among the faster growing seed sources, but seed sources 624 and 626 were significantly slower growing than the others. At trial 2, seed sources 1924 and 1932 were slower growing than any of the others, while the 11 fastest growing seed sources did not differ significantly. Seed source 1931 was the fastest growing seed source in both trials, averaging over 64 cm per year. Overall, trees from the rigensis variety had the greatest PAl, and were followed closely by the rossica, balcanica, uralensis, and altai varieties. The pannonica variety from Hungary and the lapponica-orientalis variety from northern Siberia, were the slowest growing varieties. Latitude and longitude were negatively correlated with HT in both trials, and multiple regression analyses that included LAT, LONG, LATSQ (LAT squared), LONGSQ (LONG squared) and LATLO (LAT X LONG) accounted for 71 % ofthe height variation at trial 1, and 92% at trial 2 (table 3) . The correlation of PAl with latitude or longitude was not signifi- fig. 2) , however, multiple regression analyses revealed a significant relationship of LA T, LONG, LATSQ, and LATLO which accounted for 39% of the variation in trial 1 and 56% of the variation in trial 2 (table 3) .
Diameter at Breast Height
Because of the high correlation between height and DBH at both trials (r = 0.95), differences among seed sources in DBH paralleled their differences in height (tables 1 and 2). Seed sources 624 and 626 at trial 1 and seed source 1924 at trial 2 were significantly smaller than other seed sources in their respective plantations. Correlations with other variables were similar to those for height.
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Crown Density
Differences among the seed sources in response probabilities for crown density were small and lacked any discernible pattern associated with seed source. At trial 1, seed source 632 had the highest proportion of trees scored as dense and seed source 624 had the highest proportion of trees scored as sparse. There were only minor differences in the response profiles among seed sources at trial 2. Multiple regression analyses involving combinations of latitude and longitude could only account for 24% of the variation in trial 1, but accounted for 87% in trial 2. LONG and LATLONG had the most influence on crown density in trial 2 (table 3) . When analyzed on the basis of varieties, the lapponica-orientalis variety had a higher proportion of trees scored as having sparse crowns (table 4) (table 3) . Varieties from the southwestern and western areas of the region sampled (armena, pannonica, and rigensis) possessed winter foliage with a blue-green color, while seed sources from the 7 northeastern area (variety lapponica-orientalis) were very yellow ( fig. 3 ).
Performance Scores
The PCPM'S calculated by seed source for each variable were also summed by seed source to give a composite score that is a measure of a seed source's value as a component of a windbreak. The composite scores for seed sources were summed by varieties and are shown in table 4. A seed source or variety that was average for all traits would score 350. Seed sources from south of latitude 54 0 north and west of longitude 94 0 east had above average scores ( fig. 4 ).
Juvenile-Mature Correlations
The simple correlations between total height at ages 5, 10, and 20 (trial 2) or 22 (trial 1) are shown in table 5. All correlations were significant at p < 0.01. These correlations may be interpreted to mean that at least 9 of the seed sources ranking in the top 10 at the end of the period could have been predicted to be among the top 10 seed sources based on their performance at the beginning of the period.
Discussion
In general, seed sources from the western region of the area sampled (varieties rigensis and balcanica), grew taller, were larger in diameter, and had greener winter foliage. An exception was seed source 1932 from Turkey, whose performance for all traits, except winter foliage color, was below average. Seed source 1932's winter foliage color averaged 40% greener than the plantation average. Seed source 1933 from southern Sweden, also scored above average for winter foliage color and for all other traits. Seed source 1933 would be a good choice for Christmas tree culture in the northern Great Plains.
In terms of suitability for windbreaks, seed source 1941 from the western Ural Mountains achieved the highest score. Excellent survival, growth rate, and winter foliage color were its greatest attributes and only crown density scored below average. Seed source 633 from the southern Yenisei River exhibited the best crown density among the top 10 seed sources and was average or above for all other traits.
Verification of Pravdin's (1969) or Ruby and Wright's (1976) classification of these 49 seed sources into distinct geographic varieties was not possible for all 11 varieties because of inadequate samples from 5 of the varieties. However, the analysis of variance and categorical modeling revealed fairly distinct differences among the six remaining varieties. ThE: rigensis variety separated quite distinctly from all other varieties. Considerable within-variety variation and overlap was evident between the balcanica and uralensis varieties. Both the mongolica and krasnoyarsk varieties were quite variable among seed sources but fell into fairly distinct, adjacent groups. Seed sources from the Altai Mountains variety grouped together and were distinct from all other varieties.
Considerable within-variety variation and overlap between the balcanica and uralensis varieties may be attributable to the location of many of these seed sources in isolated or discontinuous populations at the fringes of the major populations. Such populations may have undergone considerable genetic drift. The considerable within-variety variation in the krasnoyarsk and mongolica varieties suggests that additional varieties may exist beyond those identified by Ruby and Wright (1976) and Pravdin (1969) . Both studies lacked sufficient samples from seed sources east of about 30 0 east latitude. Ruby and Wright recognized that additional varieties probably existed in unsampled areas.
Among the 11 varieties represented in this study, the rigensis variety from Latvia and southern Sweden achieved the highest score. Above average survival, growth rate, and winter foliage color were its strengths. The balcanica variety from central Russia performed nearly as well, with crown density only slightly below average. The uralensis variety supplied the highest scoring seed source and, as a whole, this variety ranked third best, with winter foliage color the only trait ranking below average. Excellent crown density was the strength of the krasnoyarsk variety. The lapponica-orientalis variety from northern Siberia performed the poorest. Seed sources from this variety performed well below average for all traits, with diameter and winter foliage color its major weaknesses.
Total height at ages 5 and 10 was highly correlated with mature performance. At least 9 of the top 10 performing seed sources could have been predicted on the basis of their height at age 5 or 10. Strong relationships of this type suggest that early evaluation of Scots pine provenance tests and progeny tests will be possible with little loss of reliability.
Conclusions
The results of this provenance study show that Scots pine is well suited for planting in the northern Great Plains if planting stock from the proper seed source is used. Seed sources from 20° to 57° east longitude and 50 ° to 58 0 north latitude should produce planting stock suitable for windbreaks and other conservation plantings. If seed can be obtained from specific geographic locations, natural stands in the following regions would be good choices as a source of seed for the production of windbreak planting stock: 
